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Abstract

Introduction

Neutrons can be stable only when bound to the nucleus of an atom through the strong force. For every passing second,
there is a probability that any isolated neutron will decay into a proton, an electron and an antineutrino. However, for the
past 15 or so years, the only two neutron lifetime measurement methods have consistently shown lifetimes differing by
over 8 seconds. One of the lifetime measurement methods is called the “beam method” and the other is called the “bottle
method.” While the measured lifetimes from the beam and bottle methods differ, as shown in the figure titled “Published
Neutron Lifetime Reports,” the Standard Model of Particle Physics predicts that neutrons should have the same average
lifetime under these two conditions. The Standard Model is a unified theory that attempts to describe how the universe
works on the most fundamental level. The properties of every particle are described through the Standard Model, along
with the mechanisms (outside of gravity) for how these particles interact with one another. Therefore, either the differing
lifetimes are a result of imprecise measurements, or the differing neutron lifetimes present flaws in physicists’ current
understanding of the Universe’s most fundamental properties. The UCNtau experiment, using the bottle method,
published one of the most precise neutron lifetime values ever in 2018 [1]. This summer, we performed a preliminary
analysis on blinded UCNtau data taken during the 2020 run cycle at Los Alamos National Laboratory and made
significant progress in extracting a blinded lifetime.

Over the summer of 2021, we extracted blinded average neutron lifetimes
from the raw data produced by the UCNtau experiment at Los Alamos
National Laboratory during 2020. This process involves doing complex
mathematical operations on hundreds of millions of data points, so we had
to write codes using the computer language R in order to determine
lifetimes.

[2]
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This diagram shows how neutron lifetimes are measured using the
beam method. This image is cited in [3].

This is the UCNtau experiment used to trap and count neutrons at Los Alamos National Laboratory. The ultracold neutrons are
created by firing a proton beam at a tungsten target. These neutrons then flow into the trap after being counted by the monitors
and filtered by intrinsic spin orientation. The neutrons are trapped using magnetic fields and gravity. After a given holding time, the
dagger is inserted into the trap to count neutrons that have not yet decayed.
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Conclusions
The figure titled “Average Neutron Lifetime Derived from
the UCN Tau Experiment” shows the preliminary final blinded
lifetime results that I extracted. The mean is far lower than any
of the values previous publications have produced, most likely
because of a small error in my code. However, this data
analysis project is far from complete, and the codes written
during this summer will be essential for future progress in
extracting a lifetime from the UCNtau experiment.

